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DEPLOYABLE STENT 
The present inveation relates to a stent. The present provides a novel structure 
for a stent> and also relates to the manufacture and use of the stent. 

A stent is a medical device designed to open up a blocked lumen at a site in 
5 the human (or even animal) body, for instance a coronary artery, aorta or the 
oesophagus etc. The occlusion might be caused for instaace by a disease such as 
stenosis or by cancer. Stents preferably have a flexible structure allowing them to be 
collapsed to reduce their outer dimensions. This is to facilitate the passage of the 
stent into the site in the body where the stent is expanded for deployment. Typical 

10 uses of a stmt are to open blocked coronary arteries and large veins, to treat 

obstructions to breathing m the trachea and bronchus, to allow the passage of urine in 
the prostate and, more recently, to palliate cancer stenosis in the oesophagus. Stent 
therapy is now widely accepted for interventional treatment not only in the vascular 
system, but also the gastrointestinal, belier and urinary systems. Stent techniques 

15 have come to be regarded as simply, safe and effective in comparison to other 
surgical or non-surgical treatments. 

Known stents have one of five basic constructions that is tubular, coil, ring, 
multi-design and mesh structures. Tubular stents are rigid. The other types of known 
structures are collapsible and typically comprise an open tubular structure of 

20 structural elements which may be collapsed to facilitate deployment. The various 
known structures have diflferent features and advantages, for example a high 
expansion rate, a high strength, good flexibility and/or good tractability. Whilst 
some structures provide different combinations of these advantages, an ideal stent 
sharing all these advantages has yet to be realised. 

25 One of the major problems with known stents is restenosis occun*ing after 

implantation. This is a particular problem for mesh stents and other open structures 
as tissues grow through the stent and block tlie lumen again and is a particular 
problem in oesophageal applications. Some reports suggest that restenosis is due to 
cell damage occurring during deployment at the blocked site as the stent pushes 

30 against the cell wall. The amount of such damage is dependent on the stent 
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configuration. After significant tissue growth through a stent, the stent cannot be 
retrieved. Thus it may be necessary to implant further stents after a jQrst stent 
becomes blocked in order to reopen the blockage. As this involves stents being 
implanted inside one another, there is a limit to the number of stents which can be 

5 implanted at one location. 

To overcome this problem, covered stents have been developed. Covered 
stents were developed by attaching a tubular flexible cover, for example of polyester, 
attached around the outside of a wire mesh stent structure. The use of such a cover 
around a wire mesh stent is an effective way to prevent restenosis. However, the 

10 common problems of covered stents include rupture of the cover and, when used in 
the oesophagus, for example, bolus obstruction, tumour in-growth, gastro- 
oesophageal reflux, migration/slippage, and difficulties in delivery especially for 
high oesophaegeal malignancies and angulated cardio-oesophageal lesions. The risk 
of slippage and hence migration of the stent is a particular problem. Such covered 

15 stents still rely, for example, on a mesh frame for collapse and expansion during 
deployment, but there has been very little investigation of the integrated expanding 
mechanism when the stent is covered* 

As a result of the problems described above for both covered and uncovered 
stents re-intervention is often required. As a result many patients have sub-optimal 

20 response to this type of treatment. 

Current expandable stents are expensive to manufacture due to their 
complicated structures which are labourious to form. The high cost has reduced then- 
widespread use. Particularly for the oesophagus, doctors often opt for cheaper, semi- 
rigid plastic tubular stents even though they carry a higher risk of oesophagus 

25 perforation than the expandable stents. 

The present mvention is intended to provide a stent which avoids at least 
some of the problems discussed above. 

According to the present invention, there is provided a stent comprising a 
biocompatible sheet arranged as a tube folded with a pattern of folds allowing the 

30 stent to be collapsed for deployment. 
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Such a structure for a stent provides numerous advantages. As the-stent is 
formed from a sheet, restenosis is prevented. Furthermore, the pattern of folds 
allows the stent to be collapsed for deployment facilitating delivery to the blocked 
site in the body. The pattern of folds may allow the tube to be collapsed both radially 

5 and longitudinally of the tube. Alternatively, the pattern of folds may only allow the 
tube to be collapsed radially. Longitudinal collapse is advantageous where the 
blocked site is particularly inaccessible. On the other hand, in many uses the medical 
practitioner finds it more convenient if there is no longitudinal collapse in order to 
judge the length of the deployed stent prior to deployment. For such uses, it is 

10 preferred to use a pattern of folds which has a reduced or zero longitudinal collapse. 

The stent may also reduce slippage as compared to a known covered stent. 
Firstly, the folds may provide an uneven outer surface which reduces slippage. 
Secondly, the outer surface may be provided with a high degree of friction, for 
example by selection of the biocompatible material of the stent or by roughening the 

15 outer surface. 

The use of a pattern of folds to collapse the stent allows it to be packaged 
compactly and to have good flexibiUty for ease of delivery to the blocked site. The 
structure can be simple in structural form and is hingeless which increases reliability. 
The design of the stent is generic, so it can be adapted for use at different anatomical 

20 sites. For example, by varying the diameter, length and/or bifurcation the stent may 
be collapsed for retrieval at a later date after implantation. 

As the stent may be manufactured simply by folding a sheet, it is relatively 
simple to manufacture. This will minimise costs and it is anticipated that costs might 
be kept below many known expandable stents. 

25 The stent is particularly useful for use in the oesophagus, where restenosis is 

a particular problem, or as a stent graft in the aorta. However, the stent may be used 
at any site in the body by appropriate sizing of the stent. 

Many different patterns of folds are possible. Desirably, for ease of the 
design and manufacture wherein ttie pattern of folds comprises a unit cell repeated 

30 over at least a portion of the sheet, or the entire sheet. 
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In the preferred pattern of folds, wherein the unit cell comprises: an outer 
circumferential edge of hill folds comprising a pair of longitudinal edge folds 
extending along the tube and transverse edge folds extending around the tube; a 
central longitudinal fold extending along the tube between the transverse edge folds; 
5 and angular folds extending firom each intersection of a longitudinal edge fold with a 
transverse edge fold to the central longitudinal fold. Many variations within this 
pattern are possible. 

The choice of pattern may be selected to balance the ease of deployment, 
which generally improves as the degree of overlap in the folded pattern decreases, 
10 with the compactness of the stent when collapsed, which generally improves as the 

i 

degree of overlap in the folded structure increases. 

A particularly advantageous pattern is one which progresses heUcally aromid 
the tube. For example, the pattern of folds may include uninterrupted Imes of folds 
progressing hehcally around the tube. Alternatively, the pattern of folds may 
15 comprise at least one row of unit cells progressing helically around the tube. 

Such a helical pattern provides a number of advantages. Firstly, it can be 
folded more compactly in the longitudinal direction, because of the twist in the 
pattern, in comparison with a stent having a pattern of folds which does not progress 
helically. 

20 Secondly, the stent with a helical pattern may be deployed more easily, 

because the collapse and expansion of the stent is synchronised. That is to say, the 
helical pattern causes the forces during collapse and expansion to be transferred 
along the tube. This may be envisaged as being caused by the force being transferred 
along uninterrupted lines of folds progressing helically around the tube. 

25 Consequently, collapse and expansion of the tube may be induced by the simple 

expedient of twisting the tube- As such a twist is easy to apply, this greatly improves 
the ease of deployment. 

Thirdly, the helical pattern holds the stent in its expanded configuration. 
In order tihiat the present invention may be better understood, the following 

30 description of embodiments of the present invention is given by way of non- 
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limitative example with reference to the accompanying drawings, in which: 
Fig. 1 is a perspective view of a stent using one of the folding patterns 

in accordance with the present invention; 

Fig. 2 is a diagram of a unit cell of a pattern of folds with the sheet in its ' 
5 unfolded state; 

Fig. 3 is a diagram of the sheet with unit cell of Fig, 2 developed to form the 
overall pattern of folds with the sheet in its unfolded state; 

Fig. 4 is a progression of end views of the stent of Fig. 1 during expansion 
and contraction; 

10 Figs. 5, 7, 12, 13, 15-19, 21-24, 26-31, 33 and 34 are diagrams of unit ceUs 

with altOTiative patterns of folds with the sheet in its unfolded state; 

Figs. 6, 8, 14, 20, 25, 32, and 35-42 are diagrams of sheets with alternative 
patterns of folds with the sheet in its unfolded state; 

Figs. 9 to 1 1 are graphs of the change in dimensions of a stent against the 
1 5 number of unit cells in the pattern of folds; and 

Fig. 43 is a view of a portion of a sheet of the stent showing an aperture at a 
node where folds intersect. 

A stent 1 in accordance with the present invention is illustrated in Fig. 1 . The 
stent 1 comprises a biocompatible sheet 2. The sheet 2 is arranged as a tube with a 
20 pattern of folds which allow the stent to be collapsed for deployment. 

The pattern of folds comprises a unit cell 3 which is repeated over the entire 
area of the sheet 2. The pattern of folds is illustrated more clearly in Figs. 2 and 3 
which are views of, respectively, the unit cell 3 and the unit cells developed over the 
sheet 2 in the unfolded state, notionally "unwrapped" from its tubular form, the lines 
25 a-a and b-b being the same line longitudinally along the tube. The unit cells 3 are in 
rows repeating around a direction perpendicular to the longitudinal axis of the tube, 
In Figs. 2 and 3, and indeed the further figures illustrating patterns of folds, 
the lines are fold lines where the sheet 2 is folded. Between the folds, the sheet 2 is 
flat or planar^ Continuous and dashed Unes indicate folds of first and second 
30 opposite types. The two types are valley and hill folds. HUl folds are folds which 
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fonn a peak when viewed from the outer side of the tube. Valley folds are folds 
which form a valley when viewed from the outer side of the tube. In the following 
description, it will be assumed that the folds of the first type are hill folds and the 
folds of the second type are valley folds. 

5 In general, the two types of fold are reversible in any given pattern, that is 

replacing ail hill folds with vaUey folds and replacing all valley folds with hill folds. 
However, some patterns when reversed cause the lube to lock and hence do not allow 
the tube to be collapsed or expanded. The present invention contemplates the 
alternative that the folds of the first type are valley folds and the folds of the second 

10 type are hill folds, except when this causes lockmg of the structure. 

For convenience, the pattern of folds illustrated in Figs. 1 to 3 is referred to as 
Pattern L 

The unit cell 3 comprises the followmg folds. 

Unit cell 3 has an outer circumferential edge of hill folds. In particular, these 

15 are a pair of longitudmal edge folds 4 extending along the tube parallel to one 
another and transverse edge folds 5 extending around the tube. 

The unit cell 3 further comprises a central longitudinal fold 6 extending along 
the tube between the transverse edge folds 5. 

Lastly, the unit cell 3 has four angular folds 7 each extending from a 

20 respective intersection A, C, D or F of a longitudinal edge fold 4 with a transverse 
edge fold 5 to the central longitudinal fold 6. All four angular edge folds 7 intersect 
the central longitudinal fold 6 at the same position O, The length / of each transverse 
edge fold 5, that is from die intersection (e.g. at A) with a longitudinal edge fold 4 to 
a central intersection (e.g at B) with the central longitudinal fold 6, is equal to the 

25 length of the portion of the central longitudinal fold 6 from the central intersection 
(e.g. at B) with the transverse edge fold 5 to the intersection (e.g. at O) with an 
angular fold 7. Therefore, the triangle AOB and equivalent triangles within the unit 
cells 3 are isosceles triangles. The angle a (e.g. angle OAB) between a transverse 
edge fold 5 and an angular fold 7 is 45 

30 The unit cell 3 is symmetrical about the central longitudinal fold 6 and about 
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an imaginary line extending aroiind the tube perpendicular to the central longitudinal 
fold 6 and intersecting the central longitudinal fold 6 at O. 

The angular folds 7 are valley folds and the central longitudinal fold 6 is a hill 
fold. Accordingly, the unit ceil 3 is folded as illustrated in perspective view in Fig. 1 

5 where the intersections A to F of the various fold lines from Fig. 2 are indicated for 
one of the imit cells 3. 

The unit cell 3 is repeated as illustrated in Fig. 3. In particular, the unit ceils 
3 are arranged in rows 8 labelled rij, ns, the rows rqjeating along the tube. The 
unit cells 3 of adjacent rows are ojBfset, as illustrated by the unit cells 3 illustrated in 

0 bold outline in Fig. 3, that is with ihe longitudinal edge folds 4 of each row 8 meeting 
the central longihidinal folds 6 of the adjacent rows 8. The number n of rows 8 
labelled n^, ... in Figs. 1 and 3 and the number m of unit cells 3 within each row 
around the tube labelled m,, An2, ... in Figs. 1 and 3 can be freely varied. Similarly, 
the absolute dimensions of the sheet 2 and the unit cell 3 can be freely varied. 

5 One of the interesting properties of Pattern 1 is that it causes the stent 1 to 

collapse and expand both longitudinally and radially. That is both the length of the 
tube and the radius of the tube increase during expansion and decrease during 
coll^se. This property provides the advantage that the folded stent I can be 
packaged compactly. This makes the stent 1 easier to deliver through narrow 

10 passages of the body and facilitates deployment at a blocked site where it can be 
expanded. 

Fig, 4 is a progression of end views of the stent 1 during its expansion and 
contraction. As can be seen from Fig. 4, the central part of the unit cell 3 at the 
intersection (at O) of the angular fold 7 with the central longitudinal fold 6 moves 
!5 inwardly and outwardly, causing a change in the radius of the stent Iduring 

deployment. This also causes a reduction in the distance between the intersections 
(at B and E) between the central longitudinal fold 6 and the transverse edge folds 5, 
which causes a change in the axial length L of the stent 1 . 

Further possible patterns of folds will now be described. The further patterns 
SO of folds are variations <fti Pattern 1 shown in Figs. 1 to 3, For clarity and for brevity, 
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the further patterns will all be described by explaining the variations from Pattern 1 
without repeating the common features. The same reference numerals as for Pattern 
1 will be used to denote the sheet 2, the unit cell 3, the equivalent folds 4 to 7 and the 
rows 8. 

5 Pattern 2 is illustrated in Figs, 5 and 6. Fig. 5 is a diagram of the unit cell 3 

and Fig. 6 is a diagram of the sheet with the unit cell 3 developed across the sheet 2, 
Pattern 2 is similar to Pattern 1 except that the angle a (e.g. angle OAB) between 
each transverse edge fold 5 and angular fold 7 is less than 45"*, so the unit cell 3 is no 
longer rectangular. 

10 Pattern 3 is illustrated in Figs. 7 and 8. Fig. 7 is a diagram of the unit cell 3 

and Fig. 8 is a diagram of the sheet 2 with the unit cell 3 developed across the sheet 
2. 

Pattern 3 varies from Pattern 1 in that the angle a (e.g. angle OAB) between 
each transverse edge fold 5 and in respect of angular fold 7 is greater Uian 45° and 
15 less than or equal to 60". As a result the shape of the unit shape 3 becomes a 
polygon. The angle a should be equal to or less thaa 60° to allow folding of the 
sheet 2. 

Pattern 3 also varies from Pattern 1 m that the angular folds 7 do not all 
intersect the central longitudinal fold 6 at the same position. Instead, for each pair of 

20 angular folds 7 at opposite longitudmal ends of the unit cell 3, the pair of angular 
folds 7 intersect the central longitudinal folds 6 at the same position, but the pairs of 
angular folds 7 mtersect the central longitudinal fold 6 at separated positions O and 
X. Between these separated positions O and X, the central longitudinal fold 6 is a 
valley fold. However, the portions of the central longitudmal fold 6 extending from a 

25 central intersection (at B or E) with a respective one of the transverse edge folds S to 
a respective intersection (at O or X) with tiie angular folds 7 remain as hill folds. 
The separation between the intersections (at 0 and X) of each pair of angular folds 7 
and the central longitudinal fold 6 may be freely varied. This separation may be 
reduced to zero (as in Patterns 1 and 2), but the longitudinal length of the unit cell 3, 

30 or more particularly the length of the central longitudinal fold 6, may not be further 



wo 02/078572 PCT/GB02/01424 

.9- 

reduced or else folding is prevented. 

To understand aad compare the folding of Patterns 1 to 3, the geometric 
properties of Patterns 1 to 3 have been analysed as follows. The analysis is based on 
Pattern 2 with the angle a as 30"^ and on Pattern 3 with the angle a as 60''. 

5 Firstly, the ratio R* of the outer radius of stent l(ie the distance from Oo to A 

or B) in its fiiUy folded configuration to the outer radius of the stent 1 in its fully 
deployed configuration was calculated for stents 1 having differing numbers m of 
unit cells 3 in each row 8 of the sheet 2 around the tube. The relationship between 
R* and m for Patterns 1, 2 and 3 is illustrated in Fig. 9 where Pattern 1 is shown by a 

10 continuous line, Pattern 2 is shown by a dotted line and Pattern 3 is shown by a 
dashed line. 

For each model, it will be noted that the value of R* decreases as the number 
m of unit cells 3 in each row 8 increases. In other words, a large value ofm makes 
the pattern fold more compact in the radial direction. Thus the number m of unit 

15 cells 3 in each row 8 around the tube is preferably large to minimise the radius of the 
stent 1 on collapse. However, increasing the number m of unit cells 3 in each row 8 
causes the folding to become complex and potentially affected by the thickness of tlie 
material of the sheet 2. The number m of unit cells 3 in each row 8 should be 
selected to balance these two factors. 

20 It will also be noted fix)m Fig. 9 that as compared to Pattern 1, Pattern 2 has a 

lower value of R* and hence folds more compactly, whereas Pattern 3 has a higher 
value of R* and hence folds less compactly. However, the difference in the value of 
R* between Patterns 1, 2 and 3 becomes small when m is larger than 9. When m=lO 
the radius of the stent 1 in its fully folded configuration is about 30% of that in its 

25 fiiUy deployed configuration, for each pattern. 

Also, the value L* of the ratio of the total length of the stent 1 in its fully 
folded configuration to the length of the stent 1 m its fiiUy deployed configuration 
was calculated for different values of the number m of unit cells in each row 8 of the 
sheet 2 around the tube and for differing values of the number n of rows 8 along the 

30 tube. 
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Fig. 10 shows the value of L* for each of Patterns 1 to 3 for differing values 
of n when m^. In Fig. 10, Pattern 1 is shown by a continuous line, the Pattern 2 is 
shown by a dotted line and Pattern 3 is shown by a dashed line. It will be seen that 
for each model, the ratio L* slowly decreases as n increases. This means that all three 
5 Patterns fold more compactly in the longitudinal direction as the number n of rows 8 
of unit cells 3 increases. The value of L* becomes nearly constant when n is greater 
than 7, so there is no particular benefit in increasmg the number n of unit cells 3 
above about 7. 

It will be noted that, as compared to Pattern 1 in the longitudinal direction, 
10 Pattern 3 folds more compactly, whereas Pattern 2 folds less compactly but maintains 
flexibility. Therefore, pattern 3 is preferred for uses where longitudinal collapse is 
desirable to allow access of the stent 1 to the blocked site, whereas Pattern 2 is 
preferred for uses where the medical practitioner prefers the longitudinal collapse to 
be minimised. 

15 Fig. 1 1 shows the value of L* for Pattern 1 for different values of m when 

n=7. Itwill be noted that L* becomes smaller asm increases. Thus increasing 7w 
reduces the longitudinal collapse of the stent I when folded, as well as reducing the 
radial collapse. 

Figs. 12 and 13 are diagrams of the unit cells 3 of the Pattemsl-1 and 2-1 
20 which are variations of Patterns 1 and 2, respectively. Fig. 14 is a diagram of Pattern 

1- 1 developed across the sheet 2. In both cases, the length of the unit cell 3 is 
increased so that the pairs of angular folds 7 intersect the central longitudinal fold 6 
at separated positions O and X between which the central longitudinal fold 6 is a 
valley fold. 

25 Figs. 15 to 19 are diagrams of the unit cell 3 of Pattems 1-2, 2-2, 34, 1-3 and 

2- 3, respectively, which are themselves variations of models 1, 2, 3, 1-1 and 2-1, 
respectively. Fig. 20 is a diagram of Pattern 1-2 with the unit cell 3 developed 
across the sheet of material 2. In each case, the variation is to provide an additional 
ring of valley folds 9. Each valley fold 9 extends parallel to an adjacent longitudinal 

30 or transverse edge fold 4 or 5. The valley folds 9 extends between an angular fold 7 
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and either another angular fold 7 or else the central longitudinal fold 6. The ring of 
valley folds 9 causes the surface of the unit cell 3 to be folded twice. Therefore 
inside the ring of valley folds 9, the folds of the basic unit cell 3, that is the angular 
fold 7 and the central longitudinal fold 6, reverse. That is to say, hill folds reverse to 

5 valley folds and valley folds reverse to hill folds. Such a ring of valley folds 9 has the 
advantages that the double folding pattern causes the inner surface of the sheet 2 
inside the tube to become smoother and allows the unit cell 3 to be folded more 
compactly, because the peak point O of the unit cell 3 in its folded state shown in 
Fig. 4 is folded inside points A and C of the folded unit cell 3, ie allowing the unit 

10 cells 3 to be folded compactly in the radial direction. 

The unit cells 3 described above are symmetrical both about the central 
longitudinal fold 6 and also about an imaginary Une extending around the tube 
perpendicular to the central longitudinal fold 6, However, this is not essential. 
Either or both degrees of symmetry may be removed. For example Figs. 21 to 24 are 

15 diagrams of Patterns 4-1 to 4-4, respectively, which are symmetrical only about the 
central longitudinal fold 6. Fig. 25 is a diagram of Pattem 4-1 with the unit cell 3 
developed over the sheet 2. Accordingly, the unit cell 3 of alternate rows 8 is 
reversed in the longitudinal direction. This may also be viewed as a Pattem having a 
larger unit cell comprising the two unit cells 3 illustrated in Fig. 21 in bold outline 

20 combmed together. Patterns 4-1 to 4-4 may also be viewed as consisting of the other 
half of one of the Patterns described above with the lower of another of the Patterns 
described above. For example, Pattern 4-1 may be viewed as the upper half of 
Pattem 1 combined with the lower half of Pattem 2, and so on. 

Figs. 26 to 29 are diagrams of the unit cell 3 of Patterns 5-1 to 5-4, 

25 reispectively, which are variations of Patterns 4-1 to 4-4, respectively, the variation i^; 
that the unit cell 3 further comprises a ring of valley folds 9 as in Patterns 1-2, 2-2, 3- 
1,1-3 and 2-3, 

Figs. 30 and 31 illustrate Patterns 6-1 and 6-2 which are symmetrical only 
about an imaginary line extending around the tube. These Patterns may also be 
30 viewed as combinations of longitudinally-extending halves of different Patterns 
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described above, except that the central longitudinal fold 6 extends at an angle to the 
longitudinal direction along which the longitudinal edge folds 4 extend. In particular, 
if the angle BAO is a^, and then the angle BCO is o^, ttien the angle AOB is a^, the 
angle HOC is aj, and both angles ABO and CBO are (tu - Oj). For example, 

5 Pattern 6-1 may be viewed as the combination of the left half of Pattern 1 with the 
right half of Pattern 2, Similarly, Pattern 6-2 may be viewed as the combination of the 
left half of Pattern 2-1 and the right half of Pattern 3. 

Unlike the previous patterns, Pattern 6-2 cannot be used by itself, but must be 
combined with another pattern. For example, Fig. 32 is a diagram of Pattern 6*2 with 

10 the unit cell 3 developed over a sheet 2 and combined with Pattern 3. To enable the 
unit cells to fit together, alternate unit cells 3 of Pattern 6-2 along each row 8 are 
longitudinally reversed and a unit cell of Pattern 3 is arranged between successive 
pairs of unit cells 3 of Pattern 6-2, between the longer longitudinal edges of the unit 
cells 3 of Pattern 6-2. Thus, a larger unit cell is formed by the combination of two 

15 unit cells 3 of Pattern 6-2 with a unit cell of Pattern 3. 

Figs, 33 and 34 are diagrams of the unit cell 3 of Patterns 7-1 and 7-2 which 
are variations of Patterns 6-1 and 6-2, The variation is the addition of a ring of valley 
folds 9 similar to the valley folds 9 of Patterns 1-2, 2-2, 3-1, 1-3 and 2-3, 

In the Patterns described above, a single unit cell 3 is repeated over the entire 

20 sheet, but this is not essential. In fact, different unit cells 3 may be repeated over 

different portions of the sheet 2. For example, Figs. 35 to 39 show patterns of folds in 
which different rows 8 comprise a respective, different unit cell 3 repeated around the 
tube. In Figs. 35 and 36, two different patterns are used. In Fig. 35, Patterns 1 and 
1-1 are used for alternate rows. In Fig. 36, Patterns 1 and 1-2 are used for alternate 

25 rows. In Figs. 37 and 38, three different patterns are used. In particular, in botli Figs. 
37 and 38 unit cells 3 of Patterns 1, 4-1 and 2 are used for different respective rows 8, 
although in a different order longitudinally along the tube. 

Similarly, Fig. 39 is a diagram of a pattern of folds in which each row 8 
comprises two different unit cells 3 alternating along the row 8, in particular the unit 

30 cells of Patterns 1 and 1-2. 
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The patterns of folds described above produce a tube which is generally 
cylindrical by means of the unit cells 3 being arranged with parallel longitudinal edge 
folds 4 and has the same radius along the length of the tube. However, this is not 
essential. For example, the sheet 2 may be arranged in a tube which is conical along 

5 the entire length or along a portion thereof. This may be achieved using tiie pattern of 
folds illustrated m Fig. 40 which is based on a unit cell 3 of Pattern 2, but in which the 
unit cells 3 are of different sizes with the longitudinal edge folds 4 being angled 
relative to one another, instead of parallel. Therefore the longitudinal edge folds 4 are 
also angled with respect to the longitudinal direction of the tube. As a result, the sheet 

10 2 of Fig. 40 forms a conical (or firustoconical) tube when folded. Alternatively, the 
tube may have a more complicated structure, for example having plural tubular 
portions branching off from a common node. 

Figs. 41 and 42 are diagranas of patterns in which unit cells 3 are arranged on 
the sheet 2 in rows 8 which progress helically around the tube when the sheet 2 is 

15 folded. Figs. 41 and 42 are based on a unit cell of Pattern 1 , but any of the patterns 
described above could alternatively be used. Consequently, the rows 8 of unit cells 
are ananged at a pitch angle or helbc angle p which is the angle between the direction 
in which the unit cells repeat and plane perpendicular to the longitudinal axis of the 
tube. When the sheet 2 is folded with the opposite hnes a-a and b-b in Fig 41 and 42 

20 being the same line, successive rows 8 of unit cells 3 join end-to-end to form a longer 
row which progresses helically around the tube. In the pattern of Fig. 41, the angle x 
is selected so that the rows 8 combine to form a single row progressing helically 
around the tube. In the pattern of Fig. 42, the angle p is selected so that the rows 8 
join together to form two rows progressing helically around the tube. 

25 As a result of the helical pattern it will also be noted that die longit\idinal edge 

folds 4 and the central longitudinal folds 6 of alternate rows 8 meet togetlier to form 
an uninterrupted fold line which also progresses helically aroimd the tube. 

Such a heUcal structure provides a number of advantages. Firstly, it allows the 
sheet 2 to be folded compactly in the longitudinal direction because of its capability of 

30 torsion. Secondly, the helical pattern assists witli deployment, because the expansion 
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and collapse of the sheet 2 is usually synchronised over the area of the sheet 2. That is 
to say, the helical progression of the pattern of folds spreads the force causing 
expansion or collapse to be transmitted along the length of the tube. This may be 
viewed as the force being transmitted along the xminterrupted lines of folds formed by 

5 the longitudinal edge folds 4 and the central longitudiaal folds 6 of alternate rows 2 
Mrhich progress helically around the tube. This means that a twist applied to the stent 
1 can be used to generate expansion or collapse of the stent 1 which greatly assists 
deployment because a twist is simple to perform. Thirdly, the helical structure holds 
the stent 1 in its expanded configuration. This is because collapse of the stent requires 

10 torsional forces which are not usually developed at sites in the body. 

The patterns described above are preferred because of their simplicity and 
hence ease of design and manufacture. However a stent in accordance with the 
present invention may be formed using numerous other patterns of folds which allow 
radial collapse and optionally longitudinal collapse. Alternative patterns may be 

15 regular or irregular and the sheet between the folds may in general be flat or curved. 

The stents described above may be combined together to form a larger product 
or may have additional components added thereto. 

Manufacture of a stent 1 in accordance with the present invention will now be 
described. 

20 First, the biocompatible sheet 2 is provided. 

The sheet may initially be planar, in which case opposed edges of the sheet are 
subsequently joined together to form a tube. In this case, in the drawings, the lines a-a 
and b-b may represent edges of the sheet 2 which are joined together. Alternatively, 
the sheet 2 may be manufactured be formed as a tube ab initio, that is with the sheet 

25 being continuous around the tube. In this case, in the drawing, the lines a-a and b-b 
are the same imaginary line along the length of the tube. This latter alternative has the 
advantage of avoiding the need to join the edges of a planar sheet but makes it harder 
to form the folds. 

In its most simple form, the sheet 2 is a sheet of biocompatible material. Any 
30 biocompatible material may be used. Generally, a biocompatible material is selected 
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with appropriate mechanical properties for the site at which the stent 1 is to be used. 
The material should be selected to be sufficiently rigid to hold its shape between the 
folds when implanted in a lumen. This is to perform its basic function of holding the 
lumen open. This must be balanced against the ease of folding the sheet and the need 
5 for the collapsed stent 1 to be sufficiently flexible to allow deUvery to the blocked 
site. 

Suitable materials for the sheet 2 include stainless steel or a shape memory 
alloy such as Nitinol It is also anticipated that many polymers would be suitable. 

The sheet 2 is desirably selected so that the outer surface of the sheet 2 on the 
10 outside of the tube provides a sufficient degree of fiiction to provide anchorage at the 
anatomical site where it is to be implanted. This may be achieved by selecting a 
material providing an appropriate degree of friction or by roughening the outer 
surface. 

Alternatively, the sheet 2 may be a multi-layer material. In that case, the inner 
15 and outer layers may be selected to provide appropriate degrees of friction. Desirably 
the outer surface of the sheet 2 on the outside of the tube provides a higher degree of 
fiiction than the inner surface of the sheet 2 of the iimer side of the tube. 

In another form, the sheet 2 may have a coating of a biocompatible material. 

The sheet 2 is folded with the desired pattern of folds. This may be achieved 
20 by initially forming fold lines which facilitate subsequent folding. For example, the 
fold lines may be formed by scoring the sheet or by stamping the sheet from both 
sides by stamps having ridges along the fold lines, the stamp on one side having the 
pattern of hill folds the other side having the pattern of valley folds. 

However the preferred techniques to form fold lines are laser lithography and 
25 chemical etching. 

In the case of laser lithography, a laser is used to form scores in the surface of 
the sheet 2 along the fold lines. The laser equipment for such processing is in itself 
conventional. 

In the case of chemical etching, the sheet 2 is first masked by a material 
30 resistant to a chemical enchant, except along the desired pattern of folds. Then the 
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etchant is applied to the sheet to etch scores in the pattern of folds where the masking 
material is not present Subsequently the masking material is removed. Such a 
chemical etching process in itself is conventional. Preferably, a conventional 
photolithographic technique is used. In such a case, the masking material is a positive 
5 or negative photoresist applied across the entire sheet. Ultra-violet light is applied in 
an image of the pattern of folds, being positive or negative image for the ca^e of a 
positive or negative photoresist, respectively. This alters the photoresist allowing it to 
be removed by the etchant in the pattern of folds, but leaving it resistant to the etchant 
elsewhere. 

10 In general, the etchant and the masking material may be chosen having regard 

to the material of the sheet 2. However, particular possibilities are as follows. 

In the case of a chemical etching of a sheet 2 of stainless steel, one possibility 
is to use the negative etching technique commonly used for etching stainless steel, for 
example using ferric chloride and 1% HCl as the etchant and using a dry Sim as a 

15 negative photoresist. 

In the case of chemical etching of a sheet 2 of shape memory alloy, the 
follovmg positive etching technique has been applied using a positive photoresist 
layer of soUd contented HRP 504 or 506 as the masking material and using a mixture 
of hydrofluoric and nitric acid as the etchant. The etching method was applied to a 

20 sheet 2 of thickness 80jim and size 80mm x 80mm which was cleaned to improve the 
adhesion of the masking material. The masking material was appbed by dip coating at 
a speed of 6mm/min to create a coating of thickness 12jim. The sheet 2 was then soft- 
baked at 75** for 30 minutes. The masking material was then exposed by UV light 
with a positive image of the pattern of folds on both sides of the sheet, and the image 

25 developed usmg PLSl: HjO = 1:4. Finally the sheet 2 was hard-baked at 120° fcrr 60 
minutes. The sheet 2 was then etched using a mixture of hydrofluoric acid and nitric 
acid in proportions HF 10%, HNO3 40%, H2O 50% or HFrHNOjiH^O - 1 : 1 :2 or 1 : 1 :4. 

Other ways to chemically etch a sheet 2 of shape memory alloy are negative 
etching with a rubber-type of photoresist or electrochemical etching with 

30 H2SO4/CH3OH, for example as disclosed in Eiji Makino, et al., *TBlectrochemical 
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Photoetching of Rolled Shape Memory Alloy Sheets for Microactuators", Vol 49, No. 
8, 1998; and D M Allen, 'The Principles and Practice of Photochemical Machining 
and Photoetching", Adam Hilger, 1986. 

In the case of a sheet 2 which is initially planar, after folding the edges of the 
5 folded sheet 2 are joined together to form the sheet 2 into a tube. 

As the stent is folded from a sheet 2, it is possible to manufacture it relatively 
cheaply. It is anticipated that manufacturing costs may be kept below current costs of 
many existing expandable stents. 

The dimensions of the sheet 2, the type of pattern of folds and the dimensions 
10 of the unit cell 3 within the pattern of folds are selected based on the site at which the 
stent is intended to be used. The stent 1 may be used for treatment at sites in any type 
of lumen in the body simply by choice the dimensions and mechanical properties of 
the sheet of the stent L Once deployed, the stent 1 prevents restenosis, because it is 
formed from a sheet 2 which is effectively continuous. The stent 1 is particularly 
15 advantageous for use in the oesophagus where restenosis is a particular problem. 

The stent 1 is used in the same manner as known stents, that is by initially 
collapsing the stent 1 to deliver the stent 1 to the site to be treated and subsequently 
expanding the stent 1. Manipulation of the stent 1 is performed using conventional 
medical techniques. 

20 A potential problem with the stent 1 as described above is that high stresses are 

developed at the nodes where the folds 4 to 7 intersect. Such stresses could create 
weakness at the nodes, potentially>-causing sheet 2 to puncture or rip. To avoid this 
problem, aperture 10 may be formed in the sheet 2 at the nodes where the folds 4 and 
7 intersect, or at least at those nodes where high stresses are likely to be developed. 

25 An example of such an aperture 10 formed in a sheet 2 at the node where the 

longitudinal edge folds 4, the transverse edge folds 5 and the angular fold 7 intersect is 
shown in Fig. 43. The aperture 10 in Fig. 43 is shown as being circular, but may be 
of any shape. The aperture 10 is sufBciently small that it does not allow significant in- 
growth through the aperture 10, hence effectively retaining the continuous nature of 

30 the sheet 2. 
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CLAIMS 

1 . A stent comprising a biocompatible sheet arranged as a tube folded with a 
pattern of folds allowing the stent to be collapsed for deployment. 

5 

2. A stent according to claim 1, wherein the pattern of folds comprises a unit cell 
repeated over at least a portion of the sheet. 

3. A stent according to claim 2, wherein the unit cell comprises: 

10 an outer circumferential edge of folds of a first type comprising a pair of 

longitudinal edge folds extending along the tube and transverse edge folds extending 
around the tube; 

a central longitudinal fold extending along the tube between the transverse 
edge folds; and 

15 angular folds extending from each intersection of a longitudinal edge fold with 

a transverse edge fold to the central longitudinal fold. 

4. A stent according to claim 3, wherein for each pair of angular folds at opposite 
longitudinal ends of the unit cell, the pair of angular folds intersect the central 

20 longitudinal fold at the same position. 

5. A stent according to claim 4, wherein the lengths of : 

a transverse edge fold from the intersection with a longitudinal edge fold to a 
central intersection with the central longitudinal fold; and 
25 the portion of the central longitudinal fold from said central intersection with 

the transverse edge fold to the intersection with the angular folds, 
A are the same. 



30 



6. A stent according to any one of claims 3 to 5, wherein the angular folds are 
folds of a second type inverse to said first type and the portions of the central 
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longitudinal fold extending jfrom a respective one of the transverse edge folds to a 
respective intersection with the angular folds are folds of said first type. 

7. A stent according to any one of claims 3 to 6, wherein the angular folds all 
5 intersect the central longitudinal fold at the same position 

8. A stent according to any one of claims 3 to 6, wherein said pairs of angular 
folds intersect the central longitudinal fold at separated positions between which the 
central longitudinal fold is a fold of said second type. 

10 

9. A stent according to any one of claims 3 to 8, wherein the angle between a 
transverse edge fold and an angular fold is 45 

10. A stent according to any one of claims 3 to 8, wherein the angle between a 
1 5 transverse edge fold and an angular fold is less than 45 ^ . 

11. A stent according to any one of claims 3 to 8, wherein the angle between a 
transverse edge fold and an angular fold is greater than 45 **and less than or eq\ial to 
60^ 

20 

12. A stent according to any one of claims 3 to 1 1, wherein the unit cell further 
comprises a ring of folds of said second type each parallel to an adjacent edge fold, the 
pattern of folds inside the ring of folds of said second type reversing from folds of said 
first type to folds of said second type and vice versa. 

25 

13. A stent according to any one of claims 3 to 12, wherein the unit cell is 
symmetrical about the central longitudinal fold, 

14. A stent according to any one of claims 3 to 13, wherein the unit cell is 
30 symmetrical about an imaginary line extending around the tube. 



wo 02/078572 PCT/GB02/01424 

-20- 

15. A stent according to any one of claims 3 to 13, wherein the folds of said first 
typie are hill folds and the folds of said second type are valley folds. 

1 6. A stent according to any one of claims 2 to 1 5, wherein the pattern of folds 
5 comprises a single unit cell repeated over the entire sheet. 

17. A stent according to any one of claims 2 to 16, wherein the pattern of folds 
comprises a plurality of rows of unit cells extending around the tube. 

0 18. A stent according to claim 17 when appendant to claim 3, wherein the unit 
cells of adjacent rows are offset with the longitudinal edge folds of each row meeting 
the central longitudinal folds of the adjacent rows. 

19. A stent according to claim 18, wherein the longitudinal edge folds of alternate 
5 rows and the central longitudinal folds which meet form an uninterrupted fold liae 
progressing heUcally around the tube. 

20- A stent according to any one of claims 17 to 19, wherein at least two of the 
rows comprise a respective, different unit cell repeated around the tube. 

:o 

21. A stent according to any one of claims 2 to 1 5, wherein the pattern of folds 
comprises at least one row of unit cells progressing heUcally around the tube. 

22. A stent according to claim 22, wherein the pattern of folds comprises two rows 
15 of unit cells each two rows progressing helically around the tube. 

23. A stent according to any one of the preceding claims, wherein the pattern of 
folds includes uninterrupted Unes of folds progressing helically around the tube. 



24. A stent according to any one of flxe preceding claims, wherein the tube is 
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conical along at least a portion thereof. 

25 . A stent according to any one of the preceding claims, wherein the sheet has 
apertures at at least some of the nodes where folds intersect. 

5 

26, A stent according to any one of the preceding claims, wherein the outer surface 
of the sheet on the outer side of the tube has a higher degree of friction than the inner 
surface of the sheet on the inner side of the tube. 

10 27. A stent according to any one of the preceding claims, wherein the outer surface 
of the sheet on the outer side of the tube is roughened, 

28, A stent according to any one of the preceding clain:xs wherein the outer surface 
of the sheet on the outer side of the tube has a sufficient degree of friction to provide 

15 anchorage at an anatomical site. 

29. A stent according to any one of the preceding claims, wherein the sheet has: 
edges joined along the length of the tube. 

20 30. A stent according to any one of claims 1 to 28, wherein the sheet is continuous 
around the tube. 

31 . Use of a stent according to any one of the precedmg claims, 

25 32. A planar sheet of biocompatible material having a pattern of fold lines 

arranged to allow the sheet to be folded into a tube to form a stent which is collapsible 
for deployment. . 

33. A method of manufacturing a stent comprising folding a planar sheet of 
30 biocompatible material into a tube with a pattern of folds allowing the stent to be 
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collapsed for deployment. 



34. A method of manufacturing a stent comprising folding a sheet of hiocompatable 
material in the fonn of a tube with a pattern of folds allowing the stent to be collapsed 
5 for deployment. 
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